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A rigorous expression for the slowing-down length of neutrons in 
hydrogenous media has been derived by E. Fermi  under the assumption 
that the nonhydrogen nuclei have infinite mass and. that  c@ture is 
absent. A generalization of Fermi's result which takes into account 
the presence of capture  but s . t i l l  retains  the assuqption of infinite 
mass for the nonhydrogen nuclei has been obtained. 

In order t o  obtain some estimate of the influence of capture on 
the slowing-down process, the two expressions have  been applied t o  the 
same sample mixture, a uranlum-235 and water  mixture with the r a t i o  of 
hydrogen t o  uranium nuclei chosen as 25. The results ehow that c a p  
ture  elf  ected a 9.5-percent reduction in the  calculated Lf2, defined 
as the average slowing-down length squared a t  thermal  energy of U-235 
fission neutrons. A further  calculation was made usi  the t o t a l  mean 
free  path  in  the no-capture  formula. The value of 3 obtained in  
this way differed by 3.9 percent from the value given by the  capture 
formula. 

TBEORY 

If the mass of the nonhydrogen nuclel. i n  hydrogemus mixtures is 
assumed t o  be fnflnite, it is then  possible t o  derive an otherwise 
rigorous  expression for the slowing-down length. Suppose Eo is the 
energy of neutrons emitted from the monoenergetic point source, E 
is the  neutron energy variable, and %(E;b > Eo] i s  a base value f o r  
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energy. Let u = log %/E and ~0 = log %/Eo. Further i f  2 (u) , 
ZC(u], and ZH(u] are  the  total, capture, and hydrogen-scattering mean 
free  paths,  respectively, l e t  c(u) = 2 / 2 ~  md g(u) = 2/ZC.  Then 
the ellowlng-dam length L, can be obtained a6 

(These expressions are given in a communication t o  be  published in the 
physical Review. 1 

Setting g = 0 i n  equation (1) gives the no-capture result which 
has been derived by E. Fermi (ref. 1). 

A calculation on a boron oxide and water mixture ( ra t io  of hydrogen 
t o  boron nuclei chosen equal t o  30): showed that LP2 w a s  about 3 per- 
cent less when capture w a s  taken into account. Capture by,boron 
becomes important on ly  in the  epi-thermal energy region, so only f o r  
neutrons of low Borne energy does capture occur over an appreciable 
portion of the slowing-down energy range and thereby  affect  the  therraal 
slowing-down length significantly. However, these neutrons have 
slowing-down lengths of relatively small magnitude and axe weighted 
lightly in  the uranium-235 fission spectrum, EO that  the change i n  L.p2 
due to including  capture is small  in   the  case of the boron oxide and 
water mixture.  For the uranium-water mixture considered herein,  there 
is  significantly more high-energy capture  present. 
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Calculation  Results f o r  Uranium-Water Mixture 

The mixture of ~an ium-235  and water chosen fo r  the  calculation i s  
specified by a hydrogen t o  uranium nuclei  ratio equal t o  25. The cal- 
cula;ted slowing-down lengths at thermal  energy for various bir th  energy 
neutrons are given in table I @he birth energy Eo is designated i n  ". 

s 
P are regarded 89 the  correct  values. The second m d  third columns give Q, 

results obtained by using the formula w h i c h  includes  capture. These 

the results obtainea from the no-capture formula in which the 
scattering mean free  path and the total. mean free  path,  respectively, 
have  been used. It is seen that the  third column agrees more closely 
throughout uith the f i r s t  column. The maximum dLscrepancies  occm at 
~0 = 5.8 and amount t o  32.6 percent in   the second column and 11.0 per- 
cent in  the  third. 

The average slowing-down lengths wsigkted over the fission spectrum 
axe 21.12, 23.13, and 21.96, respectively, from the  three columns. The 

the first.  
c. second is 9.5 percent  larger and the  third is  3.9 percent  larger than 

The expressions f o r  the slowfng-down length have the same form i n  
each case and entail  practically  the same labor i n  computational use, 
so the general expression (I) i s  t o  be preferred wbenever capture is 
present. 

Lewis Flight Propulsion  Laboratory 
M a t i o d  Advisory  Committee f o r  Aeronautics 

Cleveland, Ohlo, January 28, 1953 

1. Wshak, Robert E. : Theory of the Slowing Down of' Neutrons by 
Elastic Collisions with Atomic Nuclei. Rev. bbdern Phys . , vol. 
19, no. 3, July 1947, pp. 185-238. . 



4 

- 
uo 

- 
0 

.3 

.2 

.4 

.6 

1 .o 
1.2 
1.4 
1.6 
1.8 
2 .o 
2.2 
2.4 
2.6 
2.8 
3 .O 
3.2 
3.4 

4.2 
4.6 
5 .O 
5 .d 

.Y 
Z 

E 
.Y 

.a 

3.8 

5 .a - 

%2 
Including capture 

129.99 
U.48 
97.57 
86.43 
75.28 
66.44 
58  .73 
45.27 
35.42 
33.03 
27.79 
22.40 
18.27 
14.16 
12.97 
11.88 
10.60 
9.34 
8 .OS 
7.36 
7 .OO 
6 .OO 
5.27 
4.72 
4.32 
3.99 
3 *74 

LB2 
No capture, 

scattering 
wan free pat1 

143.13 
121.99 
106.29 
93.80 
81.43 
71.70 
63.26 
48.70 
38.15 
35.36 
30.03 
24  .34 
20.02 
15.74 
14 .50 
13.38 
12.06 
10.74 
9.45 
8.71 
8.34 
7.30 
6.55 
5.99 
5.57 
5.23 
4.96 

L 

46.90 
36.67 
33.91 
28.71 
23.17 
18.95 
14.77 
13.54 
12.43 
11.13 
9.83 
8.56 
7.83 
7.47 
6.43 
5 e 7 0  
5.15 
4.74 
4.41 
4.15 

LB2 
No capture, 
total mean 
free path 

136.89 
116.92 
102.03 
90.14 

69.04 
60.93 

78.34 
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